Aims. We present multiwavelength observations of the most distant gamma-ray burst detected so far (GRB 080913) and study whether it can be considered a short-duration GRB and the implications for the progenitor nature and energy extraction mechanisms. Methods. Multiwavelength (X-ray/nIR/millimetre) observations were made between 20.7 hours and ∼16.8 days after the event.
Introduction
Gamma-ray bursts (GRBs) are generally classified into two main groups (Kouveliotou et al. 1993) , those with short duration and hard spectra and those with long duration and soft spectra, although several studies have shown that the classification could be more complex (Horváth et al. 2006 (Horváth et al. , 2008 . For short bursts the general idea is that they originate in the near Universe, at redshifts typically below 0.5. However, de Ugarte Postigo et al. (2006) observed GRB 060121 (T 90 =2s; Arimoto et al. 2006 ) and provided a most probable photometric redshift of z = 4.6. They suggested that this burst could be the first of a class of short gamma-ray bursts residing at high redshift, which probably belong to a different progenitor group. Short high-redshift bursts were later studied statistically by Berger et al. (2007) , who found that a significant number of short bursts could be included. At a redshift of z = 6.7 (Fynbo et al. 2008) , GRB 080913 would be the newest and most prominent member of this putative new sub-class.
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GRB 080319 was discovered by Swift on 13 Sep 2008 (Shady et al. 2008 . The burst started at 06:46:54 UT and lasted for ≈ 8 s, placing it, at first sight, in the long-duration class of GRBs (Stamatikos et al. 2008) . It was also observed by Konus/WIND and had a fluence of (5.6 ± 0.6) × 10 −7 erg cm −2 in the 15-150 keV range, making it an average GRB. In the combined BAT-WIND spectrum, the observed prompt energy spectrum could be best-fitted by a power-law with an exponential cutoff model dN/dE ∼ E α × exp(-(2+α) × E/E peak ) with α = −0.89 +0.65 −0.46 and E peak = 131 +225 −48 keV (Pal´shin et al. 2008) . The prompt dissemination (21 s) of the GRB position by Swift enabled instant responses of robotic telescopes, such as the REM robotic telescope (D´Avanzo et al. 2008) or automated instrumentation like GROND at the 2.2m telescope in La Silla, allowing the later to detect of an optical and near-IR (nIR) counterpart ) ∼ 3 min after the burst trigger. By the time Swift slewed and started data acquisition, a fading X-ray source was detected by the Swift/XRT, which was identified as the GRB 080913 afterglow (Beardmore et al. 2008 ). This triggered a multiwavelength campaign at many observatories aimed at studying the afterglow. On the basis of the GROND observations, a photometric redshift in the range 6.1-6.7 was derived , and a spectroscopic z = 6.7 was later confirmed by a VLT spectrum (Fynbo et al. 2008, Greiner et al. ′′ (Beardmore et al. 2008 (Beardmore et al. ). 2008 ). This implied rest frame values of T 90 ∼ 1 s and E peak,rest ∼1000 keV consistent with a short-duration GRB (Pal´shin et al. 2008) . This is also supported by the negligible spectral time lags found in the BAT energy range (Xu et al. 2008) . For a standard cosmology model with H 0 = 71 km/s/Mpc, Ω M = 0.27, Ω Λ = 0.73, the isotropic energy release is E iso ∼ 7 × 10 52 erg (1 keV−10 MeV, rest frame), with a look-back time of 13.67 Gyr.
Here we report multiwavelength observations carried out, from the millimetre to the X-ray band, in order to study the afterglow of GRB 080913. We also discuss the implications of these observations for the nature of short-duration GRBs progenitors.
Observations and data reduction

Near-IR observations
Target of opportunity (ToO) observations in the nIR were triggered starting 20.7 hr after the event with the 3.5 m telescope (+OMEGA 2000) at the German-Spanish Calar Alto Observatory. A 5.5 ks image was acquired in the J-band filter, with a 1.35 ′′ average seeing. We followed the standard data reduction procedures such as dark and sky frame subtraction, plus bad-pixel mask and master flat-field correction. The photometry for our final image was performed by means of the PHOT routine under IRAF.
1 A range of apertures were checked, and the one yielding the minimum photometric error was selected. The candidate initially reported by Rossi et al. (2008) was barely detected (2.3σ level) in the J-band image (Fig. 1) , with an estimated J-band magnitude of 22.39±0.47, including the calibration zero point error (0.15 mag) given by the 2MASS Catalogue.
Millimetre observations
Additional mm observations were obtained at the Plateau de Bure Interferometer (PdBI) as part of our ToO programme. The PdBI observed the source on three days in compact configuration. We used the carbon star MWC349 as primary flux calibrator (assuming F(ν) = 1.1 · (ν/86.2GHz) 0.6 ) with the amplitude and phase calibrations relative to the quasar 0454-234. The data reduction was done with the CLIC and MAPPING software distributed by the Grenoble GILDAS group. We analyzed the data with position-fixed (AR ( 
X-ray observations
We made use of public X-ray data from Swift/XRT obtained starting ∼94s after the BAT trigger time (T 0 ). The data were acquired in the XRT Photon Counting (PC) mode. The lightcurve in the 0.3-10 keV energy range exhibits a number of flares in the initial orbit, with a maximum observed at T 0 +1800 s (in the observer frame). The decay in the time interval T 0 +400 s to T 0 +1100 s can be fitted by a power-law with an estimated decay index α X = 1.2
The spectrum corresponding to the period of flare activity in the initial orbit, can be fitted by an absorbed power-law with a photon index of Γ ∼ 1.69 ToO XMM-Newton observations (Obs. ID. 0560191701) started on Sep 17.61 UT, i.e. 4.3 days after the Swift/BAT trigger. The EPIC CCD cameras were operated in the Full Frame Mode. The total exposure time for the EPIC-pn camera was 14 ks with the Thin1 optical blocking filter. The medium filter was used for both EPIC-MOS cameras. The XMM-Newton Observation Data Files (ODF) were processed using XMM-Newton Science Analysis Software (SAS version 7.1.0) and the calibration files from the Calibration Access Layer as on 14 Dec 2007. The XMM-Newton EPIC observations of GRB 080913 detected the X-ray emission from the afterglow of GRB 080913 (see Fig. 2 Fig. 3 . The K-corrected (rest frame) 0.3-10 keV isotropic luminosity evolution of GRB 080913 (red) in comparison to the longduration GRB 050904 (blue, z = 6.3) and the short-duration GRB 060121 (green, z = 4.6). The solid square at t − t GRB = 4.9 × 10 4 s represents the XMM-Newton observations carried out for GRB 080913. As seen GRB 080913 shows lower isotropic luminosities than the short GRB 060121.
Results and discussion
Following the discovery of the X-ray afterglow, we detected a faint nIR afterglow (consistent with the position given by Rossi et al. 2008 ) and the X-ray afterglow 4.5 days after with XMMNewton. We discuss in this section the implications of this being a short burst on the progenitor models.
The circumburst medium
From our nIR detection and comparing it with the magnitude reported by Greiner et al. (2008) we can derive a nIR decay slope in the nIR of α nIR = 0.57 ± 0.15 (where f nIR ∝ t −α nIR ). From the photometric values given by Greiner, Kruehler and Rossi (2008) we can also derive a spectral slope of β nIR = 0.57 ± 0.15. Comparison with the X-ray values of α X = 1.20 +0.16 −0.13 and β X = 0.69 +0.46 −0.41 indicates different spectral regime in the two bands. These values are consistent with the standard fireball model in the slow cooling phase where the cooling break lies between the optical and the X-ray bands, assuming an electron index of p∼2.0 and an uniform density environment for the progenitor. A wind medium can be discarded under these assumptions.
Comparison with high-redshift long GRB 050904 and short GRB 060121
Given their high redshifts, one could qualitatively compare the properties of GRB 080913, GRB 060121 and GRB 050904. GRB 060121 is a short duration GRB, very likely at highredshift (z = 4.6, de Ugarte Postigo et al. 2006), whereas GRB 050904 is a long GRB at z = 6.295 (Haislip et al. 2006; Kawai et al. 2006) . We have constructed the restframe isotropic 0.3-10 keV luminosity lightcurves of the three GRBs, assuming a power law spectrum given by a photon index Γ. In order to introduce the K-correction, the time evolution of Γ has been considered interpolating linearly in a logarithmic scale the Γ values deter- mined by Swift/XRT spectra. As seen in Fig. 3 the 0.3-10 keV decay of GRB 080913 is similar in character to those exhibited by GRB 060121 and GRB 050904. However, its isotropic luminosity is systematically lower by a factor ∼30. This fact would support GRB 080913 as a short-duration GRB.
Location in the hardness-duration diagram
Using the data recorded by Swift/BAT we have determined the hardness ratio and T 90 duration of GRB 080913, obtaining HR 32 =1.39 and T 90 =8s. In Fig. 4 we have plotted the location of GRB 080913 in the HR 32 vs. T 90 diagram as compared with the bursts of the Swift/BAT catalogue presented by Sakamoto et al. (2008) . Using the observer frame coordinates obtained for GRB 080913, it would be located in the region of the intermediate bursts (Horváth et al. 2006 (Horváth et al. , 2008 ) between short and long bursts. However, it must be noted that the average redshift of long GRBs is around z ∼ 2 and even lower for short bursts. In order to compare extreme redshift bursts such as GRB 080913 it is necessary to consider the location of the burst as a function of redshift. In Fig. 4 we have plotted the track that marks the position of the event at different redshifts. It can be seen that at z ∼ 2 or lower the burst would lie well within the short-duration bursts locus. Together with the fact that a negligible spectral lag (Xu 2008) has been measured for this event and that the rest frame peak energy is E peak,rest ∼ 1000 keV we can consider this burst to be a very likely member of the short-duration GRB class.
Implications for the progenitor origin
At a redshift z = 6.7, the burst ocurred when the Universe was only ∼ 0.8 Gyr old. According to Yoshida et al. (2008) , the first stars formed ∼ 0.2 Gyr after the Big Bang. Thus, if GRB 080913 resulted from a merger of compact objects, the whole evolution of the progenitor stars (τ evol ) and the merger time (τ mer ) happened within τ = τ evol + τ mer 0.6 Gyr. Such a small value of τ sets a lower limit to the mass of the progenitor stars. Thus, neither of the two stars forming the binary system could be less massive than ∼ 4M ⊙ . This only restricts the type of progenitor system if the burst were a result of the merger of a white dwarf (WD) and a BH.
2 As the lower accretion timescales (∼ 10 s) occur for the higher-mass WD (Popham, Woosley & Fryer 1999) , the WD should have a mass close to the Chandrasekar mass (∼ 1.4M ⊙ ). For NS+NS/BH binaries, the evolution of the progenitor stars is only a small fraction of τ (τ evol ∼ 10 − 20 Myr; Belczynski et al. 2006) . Thus, τ roughly equals τ mer in this case.
Since τ mer ∼ 0.6 Gyr, if the GRB originated from a double NS (DNS) merger, it could have proceeded through a classical merger channel, for which τ mer ∼ 0.1 − 15 Gyr (Belczynski et al. 2006) . Considering the large E iso of GRB 080913, it is more likely that it was hosted in a NS+BH merger than in a DNS. The latter type of mergers have typically τ NS +BH mer ∼ 1 Gyr, but with a non-negligible merger probability for times 0.1Gyr τ NS+BH mer 1 Gyr.
Using the approximate prescriptions of Oechslin & Janka (2006) to relate E iso with the parameters of the progenitor BHaccretion torus system, we find that the released energy needs the concurrence of a large accretion disk mass ( 0.3M ⊙ ) and several large efficiency factors. A large conversion efficiency of the accreted mass into neutrino emission f 1 0.1, a conversion efficiency of neutrinos and antineutrinos by annihilation to e ± pairs f 2 0.06, a large fraction of the e ± -photon fireball energy which drives the ultrarelativistic outflow f 3 0.2, a fraction of the energy of ultrarelativistic jet matter which can be emitted in gamma rays in course of dissipative processes that occur in shocks f 4 0.2, and a jet collimation factor f Ω 0.02. The combination of a large f 2 and a large disk mass is supported by the steady models of Birkl et al. (2007) Berger (2007) makes the hypothesis that outflows of shortduration GRBs with the highest energies are strongly collimated. If the outflow is neutrino-driven, we point out that such hypothesis seems consistent with the fact that the largest E iso are linked to BH-torus systems in which either the torus mass is large or f 1 is large. A large torus mass may arise in mergers between compact objects of different masses (Oechslin & Janka 2006; Shibata & Taniguchi 2008) . The conversion efficiency of the accreted mass into neutrino emission tends to increase with increasing values of the torus viscosity (Setiawan, Ruffert & Janka, 2006) . Remarkably, a large viscosity yields more vertically extended (inflated) accretion tori, which may help to collimate the ultrarelativistic outflow in narrow channels.
Given the large efficiencies needed to account for the large E iso of GRB 080913 if the outflow were neutrino driven, it seems more natural in this subclass of extremely energetic short GRBs to invoke an energy extraction mechanism directly linked to the BH spin, e.g., the Blandford-Znajek process (Blandford & Znajek 1977) . In this case, the observed energy can be reached if either the value of the dimensionless angular momentum of the central BH is a > 0.6, the magnetic field surrounding the BH is B > 10 16 G or the BH has a mass larger than 3M ⊙ (or a combination of these parameters).
Finally, the large redshift of GRB 080913 fits in theoretical models where the rate of NS+NS/BH mergers follows the star formation rate with delays of 1 Gyr 
Conclusions
We report multiwavelength observations of the ultra-high z, short-duration gamma-ray burst detected by Swift (GRB 080913) between 20.7 hours and ∼16.8 days after the event. Although nIR and X-ray afterglows were found, no mm afterglow was detected. The X-ray spectrum is consistent with negligible intrinsic absorption. The location of the burst in the hardness-duration diagram for the BAT GRBs strengthens its membership of the short-duration GRB class, also supported by the arguments put forward by Pal´shin et al. (2008) and Xu (2008) .
At a redshift z = 6.7, the burst ocurred when the Universe was only ∼0.8 Gyr old. If GRB 080913 resulted from a merger of compact objects, the whole evolution of the progenitor stars and the merger time happened within 0.6 Gyr, following the star formation rate with delays of 1 Gyr ). This implies than neither of the two stars could be less massive than ∼ 4M ⊙ . If the system of compact binaries were formed by a WD and a BH, the short duration of the burst restricts the mass of the WD to be close to the Chandrasekar mass. In fact, a NS+BH merger is favoured over a double NS merger, with a large accretion disk ( 0.3M ⊙ ) formed during the merger. An electromagnetic energy extraction mechanism directly linked to the BH spin, like the Blandford-Znajek process, is favoured to operate in these subclass of extremely energetic short GRBs.
The synergy between missions like Swift and automated instruments and robotic observatories, facilitate further study of the population of high-z GRBs, and help determination of whether a significant fraction of short-duration GRBs, like GRB 060121 and GRB 080913 (the later subluminous compared with the first one), coexist at these ultra-high redshifts.
